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TI Stopped-flow kinetics reveal multiple phases of thioflavin 
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AU Levine, Harry lii 

CS Neurodegenerative Diseases, Parke-Davis Pharmaceutical Research Div. , 
Warner-Lambert Co., 2800 Plymouth Road, Ann Arbor, MI 48105-1047, USA 
SO Archives of Biochemistry and Biophysics, (1997) Vol. 342, No. 2, pp. 
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AB The benzothiazole dye thioflavin T (ThT) is a 

classical amyloid stain for senile plaques containing beta/A4. peptide in 

Alzheimer's disease brain. ThT also binds rapidly and specifically to the 

anti-parallel beta-sheet fibrils formed from synthetic 

beta (1-40) peptide, but does not bind to monomer or oligomeric 

intermediates. The fibrillar beta -sheet -bound dye species undergoes a 

characteristic 120 nm red shift of its excitation spectrum that 

may be selectively excited at 450 run, resulting in a 

fluorescence signal at 482 nm. Mixing of preformed beta (1-40) 

amyloid fibrils with ThT in a stopped-flow spectrophotometer, monitoring 

fluorescence emission at gt 475 nm while exciting at 450 

nm, distinguished multiple kinetic phases of roughly equivalent 

amplitude with tau's in the ranges of 0.007, 0.05, 0.75, and 10-20 s. The 

fastest reaction appears to reflect a bimolecular dye binding event while 

the remaining reactions are rate-limited by protein tertiary or quaternary 

conformational changes. The high activation energies of the three slower 

reactions support this interpretation. The ThT concentration dependence 

of the reaction rates at different ratios of ThT/beta (1-40) amyloid 

fibrils rules out a rate-limiting conformational change occurring prior to 

ligand binding. ThT is a useful probe for the aggregated 

fibrillar state of beta (1-40) amyloid fibrils as the amyloid-specific 

fluorescence reports only fibrillar species. The binding of ThT does not 

interfere with the aggregation of this peptide into amyloid 

fibrils. The putative conformational changes detected by the ThT 

fluorescence suggest that small pharmacologic ligands can perturb and 

possibly dissociate A-beta amyloid fibrils. 

CC Biochemistry studies - General 10060 
Biophysics - General 10502 
Nervous system - General and methods 20501 

IT Major Concepts 

Biochemistry and Molecular Biophysics; Nervous System (Neural 
Coordination) 

IT Chemicals & Biochemicals 
THIOFLAVIN; AMYLOID 

IT Time 

Quaternary; Tertiary 

IT Miscellaneous Descriptors 

ACTIVATION ENERGY; ALZHEIMER BETA(l-40) AMYLOID FIBRILS; ALZHEIMER'S 
DISEASE; BEHAVIORAL AND MENTAL DISORDERS; BIOCHEMISTRY AND BIOPHYSICS; 
BRAIN; CONFORMATIONAL CHANGES; KINETIC PHASES; NERVOUS SYSTEM; NERVOUS 
SYSTEM DISEASE; PHARMACOLOGIC LIGANDS; RATE -LIMITING; STOPPED-FLOW 
KINETICS; THIOFLAVIN T BINDING 

RN 2390-54-7 (THIOFLAVIN) 
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TI Thioflavin T interaction with synthetic 

Alzheimer's disease p-amyloid peptides: Detection of amyloid 

aggregation in solution 
AU LeVine, Harry, III 
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USA 

SO Protein Science (1993), 2(3), 404-10 

CODEN: PRCIEI; ISSN: 0961-8368 
DT Journal 
LA English 

CC 9-5 (Biochemical Methods) 

Section cross-reference (s) : 14 
AB Thioflavine T (ThT) assocs. rapidly with aggregated fibrils of 

the synthetic P/A4-derived peptides p(l-28) and 

P(l-40), giving rise to a new excitation (ex) (absorption) maximum at 
450 nm and enhanced emission (em) at 482 mn, as 
opposed to the 385 mn (ex) and 445 nm (em) of the free 
dye. This change is dependent on the aggregated state as 
monomeric or dimeric peptides do not react, and guanidine dissociation of 
aggregates destroys the signal. There was no effect of high salt 
concns . Binding to the P(l-40) is of lower affinity, Kd 2 yxM, 
while it sats. with a Kd of 0.54 jaM for P(l-28). Insulin fibrils 
converted to a p- sheet conformation fluoresce intensely with ThT. A 
variety of polyhydroxy, polyanionic, or polycat ionic materials fail to 
interact or impede interaction with the amyloid peptides. This 
fluorometric technique should allow the kinetic elucidation of the amyloid 
fibril assembly process as well as the testing of agents that might 
modulate their assembly or disassembly. 

ST thioflavine T amyloid protein fluorescence Alzheimer 

IT Mental disorder 

(Alzheimer's disease, pathogenesis of, amyloid fibril formation in, 
thioflavine T interaction with synthetic P-amyloid 

protein-derived peptide fragments studied by fluorometry in relation 
to) 

IT Proteins, specific or class 
RL: ANST (Analytical study) 

(amyloid A4, synthetic peptides derived from, thioflavine T 
interaction with, fluorometry in study of, Alzheimer's disease 
pathogenesis and amyloid fibril formation in relation to) 
IT 2390-54-7, Thioflavine T 

RL: ANST (Analytical study) 

(synthetic p-amyloid peptide interaction with, 

fluorometry in study of, Alzheimer's disease pathogenesis and amyloid 
fibril formation in relation to) 
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TI Environmental influences on bovine kappa-casein: Reduction and conversion 

to fibrillar (amyloid) structures. 
AU Farrell, Harold M. Jr. [Reprint Author]; Cooke, Peter H.; Wickham, Edward 

D.; Piotrowski, Edwin G.; Hoagland, Peter D. 
CS Eastern Regional Research Center, United States Department of Agriculture, 

ARS, 600 E. Mermaid Lane, Wyndmoor, PA, 19038, USA 
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print . 
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AB The caseins of milk form a unique calcium-phosphate transport complex that 
provides these necessary nutrients to the neonate. The colloidal 
stability of these particles is primarily the result of kappa-casein. As 
purified from milk, this protein occurs as spherical particles with a 
weight average molecular weight of 1.18 million. The protein exhibits a 
lonique disulfide bonding pattern, which (in the absence of reducing 
agents) ranges from monomer to octamers and above on SDS-PAGE. Severe 
heat treatment of the kappa -casein {90degreeC) in the absence of SDS, 
before electrophoresis, caused an increase in the polymeric distribution: 
up to 40% randomly aggregated high-molecular weight polymers, 
presumably promoted by free sulfhydryl groups (J. Protein Chemical 17: 
73-84, 1998) . To ascertain the role of the sulfhydryl groups, the protein 
was reduced and carboxymethylated (RCM-kappa) . Surprisingly, at only 
37degreeC, the RCM-kappa -casein exhibited an increase in weight average 
molecular weight and tendency to self -association when studied at 3000 rpm 
by analytical ultracentrifugation. Electron microscopy (EM) of the 
37degreeC RCM sample showed that, in addition to the spherical particles 
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AB The caseins of milk form a unique calcium-phosphate transport complex that 
provides these necessary nutrients to the neonate. The colloidal 
stability of these particles is primarily the result of kappa-casein. As 
purified from milk, this protein occurs as spherical • particles with a 
weight average molecular weight of 1.18 million. The protein exhibits a 
unique disulfide bonding pattern, which (in the absence of reducing 
agents) ranges from monomer to octamers and above on SDS-PAGE. Severe 
heat treatment of the kappa -casein (90degreeC) in the absence of SDS, 
before electrophoresis, caused an increase in the polymeric distribution: 
up to 40% randomly aggregated high-molecular weight polymers, 
presumably promoted by free sulfhydryl groups (J. Protein Chemical 17: 
73-84, 1998) . To ascertain the role of the sulfhydryl groups, the protein 
was reduced and carboxymethylated (RCM-kappa) . Surprisingly, at only 
37degreeC, the RCM-kappa-casein exhibited an increase in weight average 
molecular weight and tendency to self-association when studied at 3000 rpm 
by analytical ultracentrifugation. Electron microscopy (EM) of the 
37degreeC RCM sample showed that, in addition to the spherical particles 



found in the native protein, there was a high proportion of fibrillar 
structures. The fibrillar structures were up to 600 nm in 
length. Circular dichroism (CD) spectroscopy was used to investigate the 
temperature -induced changes in the secondary structure of the native and 
RCM-kappa -caseins . These studies indicate that there was little change in 
the distribution of secondary structural elements during this transition, 
with extended strand and beta turns predominating. On the basis of 
three-dimensional molecular modeling predictions, there may exist a 
tyrosine-rich repeated sheet -turn- sheet motif in kappa-casein (residues 
15-65) , which may allow for the stacking of the molecules into fibrillar 
structures. Previous studies on amyloid proteins have suggested that such 
motifs promote fibril formation, and near-ultraviolet CD and 
thioflavixi-T binding studies on RCM-kappa-casein support 
this concept. The results are discussed with respect to the role that 
such fibrils may play in the synthesis and secretion of casein 
micelles in lactating mammary gland. 
CC Biochemistry studies - General 10060 

Reproductive system - Physiology and biochemistry 16504 
IT Major Concepts 

Biochemistry and Molecular Biophysics; Reproductive System 
(Reproduction) 
IT Parts, Structures, & Systems of Organisms 

mammary gland: reproductive system; milk: reproductive system 
IT Chemicals & Biochemicals 

kappa-casein: reduction, structure 
IT Methods & Equipment 

carboxymethylation: laboratory techniques; circular dichroism 
spectroscopy: laboratory techniques, spectrum analysis techniques; 
electron microscopy: imaging and microscopy techniques, laboratory 
techniques; electrophoresis: electrophoretic techniques, laboratory 
techniques; heat treatment: laboratory techniques; molecular modeling: 
mathematical and computer techniques; reduction reaction: laboratory 
techniques; ultracentrifugation: laboratory techniques 
IT Miscellaneous Descriptors 

kappa-casein fibril; lactation; temperature 
ORGN Classifier 
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Super Taxa 

Artiodactyla; Mammalia; Vertebrata; Chordata; Animal ia 
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bovine ( common ) 
Taxa Notes 

Animals, Artiodactyls, Chordates, Mammals, Nonhuman Vertebrates, 
Nonhuman Mammals, Vertebrates 
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found in the native protein, there was a high proportion of fibrillar 
structures. The fibrillar structures were up to 600 nm in 
length. Circular dichroism (CD) spectroscopy was used to investigate the 
temperature -induced changes in the secondary structure of the native and 
RCM-kappa-caseins . These studies indicate that there was little change in 
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with extended strand and beta turns predominating. On the basis of 
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thioflavin-T (termed BTA's) with high affinities for 
aggregated amyloid and a wide range of lipophilicities are 
reported. Radiolabel ing with high specific activity (llC)methyl iodide 
provided derivatives for in vivo evaluation. Brain entry in control mice 
, and baboons was high for nearly all of the analogues at early times after 
injection, but the clearance rate of radioactivity from brain tissue 
varied by more than 1 order of magnitude. Upon the basis of its rapid 
clearance from normal mouse and baboon brain tissues, (N-methyl-llC) 2- (4 ' - 
methylaminophenyl) -6-hydroxybenzothiazole (or (IIC) 6-OH-BTA-l) was 
selected as the lead compound for further evaluation. The radiolabeled 
metabolites of (IIC) 6-OH-BTA-l were polar and did not enter brain. The 
binding affinities of (N-methyl-3H) 6-OH-BTA-l for homogenates of 
postmortem AD frontal cortex and synthetic Abeta(l-40) fibrils 
were similar (Kd=1.4 nM and 4.7 nM, respectively), but 

the ligand-to-Abeta peptide binding stoichiometry was apprx400-fold higher 
for AD brain than Abeta(l-4 0) fibrils. Staining of AD frontal cortex 
tissue sections with 6-OH-BTA-l indicated the selective binding of the 
compound to amyloid plaques and cerebrovascular amyloid. The encouraging 
in vitro and in vivo properties of (IIC) 6-OH-BTA-l support the choice of 
this derivative for further evaluation in human subject studies of brain 
Abeta deposition. 
CC Behavioral biology - Human behavior 07004 
Pathology - Diagnostic 12504 
Pathology - Therapy 12512 

Nervous system - Physiology and biochemistry 20504 
Nervous system - Pathology 20506 

Psychiatry - Psychopathology, psychodynamics and therapy 21002 
Pharmacology - General 22002 
Pharmacology - Clinical pharmacology 22005 
IT Major Concepts 

Methods and Techniques; Nervous System (Neural Coordination) ; 
Pharmacology 
IT Parts, Structures, & Systems of Organisms 

brain: nervous system,- frontal cortex: nervous system 
IT Diseases 

Alzheimer's disease: behavioral and mental disorders, nervous system 
disease 

Alzheimer Disease (MeSH) 
IT Chemicals & Biochemicals 

amyloid-beta; carbon-ll-labeled 6-substituted 2-arylbenzothiazole: 

diagnostic-drug, imaging agent, synthesis 
IT Methods & Equipment 

radiolabel ing: laboratory techniques 
IT Miscellaneous Descriptors 

amyloid plaques; amyloid-beta (1-40) fibril; cerebrovascular amyloid 
ORGN Classifier 

Cercopithec idae 86205 
Super Taxa 

Primates; Mammalia; Vertebrata; Chordata; Animal ia 
Organism Name 

Papio anubis (species) [baboon (common)] 
Taxa Notes 

Animals, Chordates, Mammals, Nonhuman Mammals, Nonhuman Vertebrates, 
Nonhuman Primates, Primates, Vertebrates 
ORGN Classifier 

Hominidae 86215 
Super Taxa 

Primates; Mammalia; Vertebrata; Chordata; Animal ia 

Organism Name 

human (common) 
Taxa Notes 

Animals, Chordates, Humans, Mammals, Primates, Vertebrates 
ORGN Classifier 
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reported. Radiolabeling with high specific activity (IIC) methyl iodide 
provided derivatives for in vivo evaluation. Brain entry in control mice 
and baboons was high for nearly all of the analogues at early times after 
injection, but the clearance rate of radioactivity from brain tissue 
varied by more than 1 order of magnitude. Upon the basis of its rapid 
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Muridae 86375 
Super Taxa 

Rodent ia; Mammalia; Vertebrata; Chordata; Animal ia 
Organism Name 

mouse (common) 
Taxa Notes 

Animals, Chordates, Mammals, Nonhuman Vertebrates, Nonhuman Mammals, 
Rodents , Vertebrates 
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AU Huang, X. [Reprint Author]; Moir, R. D.; Friedlich, A. L. [Reprint 

Author] ; Nagano, S. [Reprint Author] ; Goldstein, L. E. [Reprint Author] ; 
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AB Introduction: Recent studies have demonstrated that diffusible human A 

oligomers, i.e. Abet a -derived diffusible ligands (ADDLs) are neurotoxic. 
It is known that iron, copper, and zinc are highly enriched in amyloid 
plaques. We have previously found that these metal ions are involved in 
maintaining the assembly of Abeta amyloid in vitro, and in post-mortem 
Alzheimer Disease (AD) brain specimens. We recently discovered that 
treatment with BBB-permeable metal chelator-clioquinol (CQ) inhibited 
Abeta deposition in APP2576 transgenic mice. Here we study the effects of 
these metal ions and CQ upon the Abeta oligomerization process used to 
form ADDLs. Methods: Metal concentrations in cold F12 medium were 
determined by ICP-MS. Abeta4 0 and Abeta42 (10 muM) in cold F12 medium 
were co-incubated at 4C 5 muM CQ or DTPA (another potent chelator) . 
Turbidity readings (400 nm) were taken daily over ten days. At 
the time point where turbidity values plateaued, Abeta aggregation 
was quantified by Congo-Red and Thioflavin-T assays. 

The ADDLs were appraised by protein gel staining and FPLC. Results and 
Conclusion: The medium was found to contain 0.3 muM of copper, 16 muM of 
zinc, and 34 muM of iron. We observed the attenuation of Abeta 
oligomerization by both CQ and DTPA. Hence, the formation of ADDLs is 
induced by the presence of these metal ions in the medium. Specific metal 
chelators may be therapeutic for AD in interdicting synaptotoxic 
Abeta oligomerization. 
CC General biology - Symposia, transactions and proceedings 00520 
Biochemistry studies - Minerals 10069 
Pathology - Therapy 12512 

Nervous system - Physiology and biochemistry 20504 

Nervous system - Pathology 20506 
IT Major Concepts 

Nervous System (Neural Coordination) 
IT Diseases 

Alzheimer disease: behavioral and mental disorders, nervous system 
disease, therapy 
Alzheimer Disease (MeSH) 
IT Chemicals & Biochemicals 

A-beta [amyloid-beta] : synaptotoxic, deposition, 



Muridae 86375 
Super Taxa 

Rodent ia; Mammalia; Vertebrata; Chordata; Animal ia 
Organism Name 

mouse (common) 
Taxa Notes 

Animals, Chordates, Mammals, Nonhuman Vertebrates, Nonhuman Mammals, 
Rodents, Vertebrates 

L5 ANSWER 3 OF 12 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation on STN 
AN 2003:267944 BIOSIS 
DN PREV200300267944 

TI METAL - DEPENDENCE OF A beta OLIGOMERIZATION. 

AU Huang, X. [Reprint Author]; Moir, R. D.; Friedlich, A. L. [Reprint 

Author]; Nagano, S. [Reprint Author]; Goldstein, L. E. [Reprint Author]; 

Rogers, J. T. [Reprint Author]; Tanzi, R. E.; Bush, A. I. [Reprint Author] 
CS Psychiatry/Genetics and Aging Research Unit, MGH/ Harvard Medical School, 

Charles town, MA, USA 
SO Society for Neuroscience Abstract Viewer and Itinerary Planner, (2002) 

Vol. 2002, pp. Abstract No. 19.1. http://sfn.scholarone.com. cd-rom. 

Meeting Info.: 32nd Annual Meeting of the Society for Neuroscience. 

Orlando, Florida, USA. November 02-07, 2002. Society for Neuroscience. 
DT Conference; (Meeting) 

Conference; (Meeting Poster) 

Conference; Abstract; (Meeting Abstract) 
LA English 

ED Entered STN: 11 Jun 2003 

Last Updated on STN: 11 Jun 2003 
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It is Jcnown that iron, copper, and zinc are highly enriched in amyloid 
plaques. We have previously foiind that these metal ions are involved in 
maintaining the assembly of Abeta amyloid in vitro, and in post-mortem 
Alzheimer Disease (AD) brain specimens. We recently discovered that 
treatment with BBB-permeable metal chelator-clioquinol (CQ) inhibited 
Abeta deposition in APP2576 transgenic mice. Here we study the effects of 
these metal ions and CQ upon the Abeta oligomerization process used to 
form ADDLs. Methods: Metal concentrations in cold F12 medium were 
determined by ICP-MS. Abeta40 and Abeta42 (10 muM) in cold F12 medium 
were co- incubated at 4C 5 muM CQ or DTPA (another potent chelator) . 
Turbidity readings (400 nm) were taken daily over ten days. At 
the time point where turbidity values plateaued, Abeta aggregation 
was quantified by Congo-Red and Thioflavin-T assays. 

The ADDLs were appraised by protein gel staining and FPLC. Results and 
Conclusion: The medium was found to contain 0.3 muM of copper, 16 muM of 
zinc, and 34 muM of iron. We observed the attenuation of Abeta 
oligomerization by both CQ and DTPA. Hence, the formation of ADDLs is 
induced by the presence of these metal ions in the medium. Specific metal 
chelators may be therapeutic for AD in interdicting synaptotoxic 
Abeta oligomerization, 
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AB Development of small molecular probes for in vivo labeling and detection 

of beta-amyloid (Abeta) plaques in patients of Alzheimer's disease (AD) is 
of significant scientific interest, and it may also assist the development 
of drugs targeting Abeta plaques for treatment of AD. A novel probe, 
(123I/125I) IMPY, 6-iodo-2- (4 ' -dimethylamino -) phenyl - imidazo (1, 2- 
a) pyridine, was successfully prepared with an iododestannylation reaction 
catalyzed by hydrogen peroxide. The modified thioflavin- 
T derivative displayed a good binding affinity for preformed 
synthetic Abeta40 aggregates in solution (Ki=15+-5 
nM) and showed selective plaque labeling on postmortem AD brain 
sections. Biodistribution study in normal mice after an iv injection of 
(1251) IMPY exhibited excellent brain uptake (2.9% initial dose/brain at 2 
min) and fast washout (0.2% initial dose/brain at 60 min) . These 
properties are highly desirable for amyloid plaque imaging agents. In 
vivo plaque labeling was evaluated in a transgenic mouse model (Tg2576) 
engineered to produce excess amyloid plaques in the brain. Ex vivo 
autoradiograms of brain sections of the Tg 2576 mouse obtained at 4 h 
after an i.v. injection of (1251) IMPY clearly displayed a distinct plaque 
labeling with a low background activity. When the same brain section was 
stained with a fluorescent dye, thiof lavin-S, the same Abeta plaques 
showed prominent fluorescent labeling consistent with the results of the 
autoradiogram. In conclusion, these findings clearly suggest that 
radioiodinated IMPY demonstrates desirable characteristics for in vivo 
labeling of Abeta plaques and it may be useful as a molecular imaging 
agent to study amyloidogenesis in the brain of living AD patients. 
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AB Development of small molecular probes for in vivo labeling and detection 

of beta-amyloid (Abeta) plaques in patients of Alzheimer »s disease (AD) is 
of significant scientific interest, and it may also assist the development 
of drugs targeting Abeta plaques for treatment of AD. A novel probe, 
(123I/125I) IMPY, 6-iodo-2- (4 ' - dimethylamino-) phenyl -imidazo (1,2 - 
a) pyridine, was successfully prepared with an iododestannylation reaction 
catalyzed by hydrogen peroxide. The modified thief lavin- 
T derivative displayed a good binding affinity for preformed 
synthetic Abeta4 0 aggregates in solution (Ki=15+-5 
nM) and showed selective plaque labeling on postmortem AD brain 
sections. Biodistribution study in normal mice after an iv injection of 
(1251) IMPY exhibited excellent brain uptake (2.9% initial dose/brain at 2 
min) and fast washout (0.2% initial dose/brain at 60 min) . These 
properties are highly desirable for amyloid plaque imaging agents. In 
vivo plaque labeling was evaluated in a transgenic mouse model (Tg2576) 
engineered to produce excess amyloid plaques in the brain. Ex vivo 
autoradiograms of brain sections of the Tg 2576 mouse obtained at 4 h 
after an i.v. injection of (1251) IMPY clearly displayed a distinct plaque 
labeling with a low background activity. When the same brain section was 
stained with a fluorescent dye, thiof lavin-S, the same Abeta plaques 
showed prominent fluorescent labeling consistent with the results of the 
autoradiogram. In conclusion, these findings clearly suggest that 
radioiodinated IMPY demonstrates desirable characteristics for in vivo 
labeling of Abeta plaques and it may be useful as a molecular imaging 
agent to study amyloidogenesis in the brain of living AD patients. 

CC Behavioral biology - Human behavior 07004 



Biochemistry studies - General 10060 

Biochemistry studies - Proteins, peptides and amino acids 10064 
Nervous system - Physiology and biochemistry 20504 
Nervous system - Pathology 20506 

Psychiatry - Psychopathology, psychodynamics and therapy 21002 
IT Major Concepts 

Nervous System {Neural Coordination) 
IT Parts, Structures, & Systems of Organisms 

beta-amyloid plaque: nervous system; brain: nervous system 
IT Diseases 

Alzheimer's disease: behavioral and mental disorders, nervous system 
disease 

Alzheimer Disease (MeSH) 
IT Chemicals & Biochemicals 

IMPY: molecular probe; beta-amyloid; hydrogen peroxide; 

thief lavin-T 
IT Methods & Equipment 

in vivo labeling: laboratory techniques 
IT Miscellaneous Descriptors 

amy 1 o idogenes i s 
ORGN Classifier 

Hominidae 86215 
Super Taxa 

Primates; Mammalia; Vertebrata; Chordata; Animal ia 
Organism Name 

human (common) : patient 
• Taxa Notes 

Animals, Chordates, Humans, Mammals, Primates, Vertebrates 
ORGN Classifier 

Muridae 86375 
Super Taxa 

Rodent ia; Mammalia; Vertebrata; Chordata; Animal ia 
Organism Name 

mouse (common) : animal model, transgenic 
Taxa Notes 

Animals, Chordates, Mammals, Nonhuman Vertebrates, Nonhuman Mammals, 
Rodents , Vertebrates 
RN 7722-84-1 (hydrogen peroxide) 
2390-54-7 (thiof lavin-T) 

L5 ANSWER 5 OF 12 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation on STN 
AN 2003:43126 BIOSIS 
DN PREV200300043126 

TI Amyloid fibril formation by a synthetic peptide from a region of 
human acetylcholinesterase that is homologous, to the Alzheimer's 
amyloid-beta peptide. 

AU Cottingham, Matthew G. ; Hollinshead, Michael S.; Vaux, David J. T. 
[Reprint Author] 

CS Sir William Dunn School of Pathology, University of Oxford, Oxford, 0X1 

3RE, UK 

vaux@molbiol . ox . ac . uk 
SO Biochemistry, (November 19 2002) Vol. 41, No. 46, pp. 13539-13547. print. 

ISSN: 0006-2960 (ISSN print) . 
DT Article 
LA English 

ED Entered STN: 15 Jan 2003 

Last Updated on STN: 15 Jan 2003 

AB A region near the C- terminus of human acetylcholinesterase (AChE) is 
weakly homologous with the N-terminus of the Alzheimer's disease 
amyloid-beta peptide. We report that a 14 -amino acid synthetic 
polypeptide whose sequence corresponds to residues 586-599 of the human 
synaptic or T form of AChE assembles into amyloid fibrils under 
physiological conditions. The fibrils have all the classical 
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AB A region near the C-terminus of human acetylcholinesterase (AChE) is 
weakly homologous with the N-terminus of the Alzheimer's disease 
amyloid-beta peptide. We report that a 14 -amino acid synthetic 
polypeptide whose sequence corresponds to residues 586-599 of the human 
synaptic or T form of AChE assembles into amyloid fibrils under 
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characteristics of amyloid: they have a diameter of 6-7 nm and 
bind both Congo red and thiof lavin-T. Furthermore, 

the kinetics of assembly indicate that fibril formation proceeds via a 
two-step nucleat ion-dependent polymerization pathway, and a transition in 
the peptide conformation from random coil to beta-sheet is observed during 
fibril formation using far-UV circular dichroism spectroscopy. We also 
show that the peptide in aggregated fibrillar form has a toxic 
effect upon PC-12 cells in vitro. AChE normally resides mainly on 
cholinergic neuronal membranes, but is abnormally localized to senile 
plaques in Alzheimer's disease. Recently, an in vitro interaction between 
AChE and Abeta, the principal constituent of the amyloid fibrils in senile 
plaques, has been documented. The presence of a fibril logenic region 
within AChE may be relevant to the interaction of AChE with amyloid 
fibrils formed by Abeta. 
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T binding to Alzheimer beta (1-40) amyloid fibrils. 
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AB The benzothiazole dye thioflavin T (ThT) is a 

classical amyloid stain for senile plaques containing beta/A4 peptide in 
Alzheimer* s disease brain. ThT also binds rapidly and specifically to the 
anti-parallel beta-sheet fibrils formed from synthetic 
beta (1-40) peptide, but does not bind to monomer or oligomeric 
intermediates. The fibrillar beta -sheet -bound dye species undergoes a 
characteristic 120 mn red shift of its excitation spectrum that 
may be selectively excited at 450 nm, resulting in a 
fluorescence signal at 482 mn. Mixing of preformed beta (1-40) 
amyloid fibrils with ThT in a stopped-flow spectrophotometer, monitoring 
fluorescence emission at gt 475 nm while exciting at 450 
mn, distinguished multiple kinetic phases of roughly equivalent 
amplitude with tau's in the ranges of 0.007, 0.05, 0.75, and 10-20 s. The 
fastest reaction appears to reflect a bimolecular dye binding event while 
the remaining reactions are rate-limited by protein tertiary or quaternary 
conformational changes. The high activation energies of the three slower 
reactions support this interpretation. The ThT concentration dependence 
of the reaction rates at different ratios of ThT/beta (1-40) amyloid 
fibrils rules out a rate-limiting conformational change occurring prior to 
ligand binding. ThT is a useful probe for the aggregated . 
fibrillar state of beta (1-40) amyloid fibrils as the amyloid-specific 
fluorescence reports only fibrillar species. The binding of ThT does not 
interfere with the aggregation of this peptide into amyloid 
fibrils. The putative conformational changes detected by the ThT 
fluorescence suggest that small pharmacologic ligands can perturb and 
possibly dissociate A-beta amyloid fibrils. 
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run, distinguished multiple kinetic phases of roughly equivalent 
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fastest reaction appears to reflect a bimolecular dye binding event while 
the remaining reactions are rate-limited by protein tertiary or quaternary 
conformational changes. The high activation energies of the three slower 
reactions support this interpretation. The ThT concentration dependence 
of the reaction rates at different ratios of ThT/beta (1-40) amyloid 
fibrils rules out a rate-limiting conformational change occurring prior to 
ligand binding. ThT is a useful probe for the aggregated 
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AB The mechanism of rotenone neurotoxicity on dopaminergic neurons was 
investigated. PC12 cells differentiated by nerve growth factor as 
dopaminergic neurons were treated by different concns. of rotenone. Cell 
viability was assessed with MTT, and cell apoptosis was detected by 
Annexin-V staining and flow cytometry. The double staining with a- 
synuclein and thioflavin T was used to observe 
protein aggregation. After being treated with rotenone for 24 
h, the process-like structures of PC12 cells disappeared, and the cell 
body became smaller and smoother in time- and concentration-dependent manners. 
Compared with the control group, the cell viability began to decline 
significantly when treated by rotenone at concentration of 10 nmol/L 
(A570 0.415±0.013) (P<0.05). The early sign of apoptosis was found 
with Annexin-V pos. staining. The apoptotic rate was 7.35%±0.52% at 
rotenone concentration of 5 nmol/L (P<0.05), and was 13,30%±1.80% at 
concentration of 10 nmol/L (P<0.01), Protein aggregation 
with the double pos. staining of a- synuclein and 
thioflavin T were also found in the groups treated by 
rotenone. In vitro, rotenone should be neurotoxic to dopaminergic 
neurons, inducing apoptosis and inclusion of a- synuclein 
aggregation. Rotenone might act through the metabolism of a- 
synuclein in the pathogenesis of Parkinson's disease. 
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AB It is well known that overprodn. and accumulation of p-amyloid 
(Ap) plaques in the brain is a key event in the pathogenesis of 
Alzheimer's disease (AD). Previously it was demonstrated that [125I]TZDM, 
2- (4 ' -dimethylaminophenyl) -6-iodobenzothia2ole, a thioflavin derivative, was 
an effective ligand with good in vitro and in vivo binding 
characteristics. To further improve the initial uptake and washout rate 
from the brain, important properties for in vivo imaging agents, a novel 
radioiodinated ligand, 2- (4 ' -dimethylaminophenyl) -6-iodobenzoxazole 
( [1251] IBOX) , for detecting Ap plaques in the brain, was 
synthesized and evaluated. The new iodinated ligand, IBOX, is 
based on an isosteric replacement of a sulfur atom of TZDM by an oxygen, 
by which the mol . weight is reduced while the lipophilicity of the iodinated 
ligand is increased. Partition coeffs. (P.C.) of these two ligands were 
70 and 124 for TZDM and IBOX, resp. In vitro binding study indicated that 
the isosteric displacement yielded a new ligand with equal binding potency 
to.Ap(l-40) aggregates (Ki = 1.9 and 0.8 nM for 
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dopaminergic neurons were treated by different concns. of rotenone. Cell 
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Annexin-V staining and flow cytometry. The double staining with a- 
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protein aggregation. After being treated with rotenone for 24 
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significantly when treated by rotenone at concentration of 10 nmol/L 
(A570 0.415±0.013) (P<0.05). The early sign of apoptosis was found 
with Annexin-V pos . staining. The apoptotic rate was 7.35%±0.52% at 
rotenone concentration of 5 nmol/L (P<0.05), and was 13.30%±1.80% at 
concentration of 10 nmol/L (P<0.01) . Protein aggregation 
with the doiible pos. staining of a- synuclein and 
thioflavin T were also found in the groups treated by 
rotenone. In vitro, rotenone should be neurotoxic to dopaminergic 
neurons, inducing apoptosis and inclusion of a- synuclein 
aggregation. Rotenone might act through the metabolism of a- 
synuclein in the pathogenesis of Parkinson's disease. 
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2- (4 ' -dimethylaminophenyl) -6-iodobenzothiazole, a thioflavin derivative, was 
an effective ligand with good in vitro and in vivo binding 
characteristics. To further improve the initial uptake and washout rate 
from the brain, important properties for in vivo imaging agents, a novel 
radioiodinated ligand, 2- (4 ' -dimethylaminophenyl ) -6-iodobenzoxazole 
( [1251] IBOX) , for detecting AP plaques in the brain, was 
synthesized and evaluated. The new iodinated ligand, IBOX, is 
based on an isosteric replacement of a sulfur atom of TZDM by an oxygen, 
by which the mol . weight is reduced while the lipophilicity of the iodinated 
ligand is increased. Partition coeffs. (P.C.) of these two ligands were 
70 and 124 for TZDM and IBOX, resp. In vitro binding study indicated that 
the isosteric displacement yielded a new ligand with equal binding potency 
to Ap(l-40) aggregates (Ki =1.9 and 0.8 nM for 



TZDM and IBOX, resp.). Autoradiog. of postmortem brain sections of a 
confirmed AD patient by [1251] IBOX showed excellent labeling of plaques 
similar to that observed with [1251] TZDM. More importantly, in vivo 
biodistribution of [1251] IBOX in normal mice displayed superior pealc brain 
uptalce (2.08% at 30 min vs 1.57% at 60 min dose/brain for [1251] IBOX and 

[125I]TZDM, resp.). In addition, the washout from the brain was much faster 
for [1251] IBOX as compared to [1251] TZDM. Based on the data presented for 

[1251] IBOX, it is predicted that the brain trapping of this new 
radioiodinated ligand in the Ap containing regions will be more favorable 
than that of the parent compound, [1251] TZDM. Further evaluation of 

[1251] IBOX is warranted to confirm the AP plaque labeling properties 
in vivo. 
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AB Thioflavine T (ThT) assocs . rapidly with aggregated fibrils of 

the synthetic P/A4 -derived peptides P(l-28) and 

p(l-40), giving rise to a new excitation (ex) (absorption) maximum at 
450 nm and enhanced emission (em) at 482 nm, as 
opposed to the 385 nm (ex) and 445 nm (em) of the free 
dye. This change is dependent on the aggregated state as 
monomeric or dimeric peptides do not react, and guanidine dissociation of 
aggregates destroys the signal. There was no effect of high salt 
concns. Binding to the p(l-40) is of lower affinity, Kd 2 joM, 
while it sats. with a Kd of 0.54 |iM for P(l-28) . Insulin fibrils 
converted to a p-sheet conformation fluoresce intensely with ThT. A 
variety of polyhydroxy, polyanionic, or polycationic materials fail to 
interact or impede interaction with the amyloid peptides. This 
fluorometric technique should allow the kinetic elucidation of the amyloid 
fibril assembly process as well as the testing of agents that might 
modulate their assembly or disassembly. 
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AB We present 11 patients with immunotactoid glomerulopathy, a new 
syndrome characterized clinically by proteinuria (11/11) , 
microscopic hematuria (9/11) and hypertension (9/11) . The patients 
consisted of six females and five males, aged 25 to 59 years (mean, 44.6). 
Proteinuria was the presenting feature and the reason for renal biopsy in 
all patients. The diagnosis of immunotactoid glomerulopathy was 
established at renal biopsy by the presence of glomerular extracellular 
microtubules composed of immune reactants. All the biopsies studied by 
immunofluorescence (10 cases) had glomerular deposits of IgG and C3. In 
three biopsies studied with IgG subclass specific antisera, only one 
patient had monoclonal immunoglobulin deposits (IgG3 kappa) . In six cases 
the glomerular deposits were analyzed for light chains. In three the 
deposits contained kappa only, and three consisted of both kappa and 
lambda. In two cases the immiine aggregates were confined to the 
mesangium, and in the remaining eight cases, the deposits were present in 
the mesangium and the glomerular basement membranes. Electron-dense 
deposits composed of microtubules were present in the same distribution 
within the glomerulus as the immune reactants. The microtubules had a 
uniform diameter in each biopsy, but they varied in size from case to 
case. They were approximately the same size in eight cases (mean, 22.3 
± 3 [SD] nm) . Three cases had much larger microtubules: 34.2 
nm, 35.4 nm, and 48.9 nm in diameter. 

Although the 22.3-nm microtubules resembled amyloid in their 
appearance, glomerular distribution and random orientation in the tissue, 
they were more than twice the diameter of amyloid (8.9 nm) , and 
Congo red and thioflavin T stains for amyloid were 

negative. Similar microtubular structures have been described in patients 
with cryoglobulinemia, SLE and paraproteinemia, but these diseases were 
excluded in our patients on clinical, serologic and in some case 
histologic grounds. More important, none of our patients had clinical or 
histochemical evidence of amyloidosis, an entity which may be confused 
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AB We present 11 patients with immunotactoid glomerulopathy, a new 
syndrome characterized clinically by proteinuria (11/11) , 
microscopic hematuria (9/11) and hypertension (9/11) . The patients 
consisted of six females and five males, aged 25 to 59 years (mean, 44.6) . 
Proteinuria was the presenting feature and the reason for renal biopsy in 
all patients. The diagnosis of immunotactoid glomerulopathy was 
established at renal biopsy by the presence of glomerular extracellular 
microtubules composed of immune reactants . All the biopsies studied by 
immunofluorescence (10 cases) had glomerular deposits of IgG and C3 . In 
three biopsies studied with IgG subclass specific antisera, only one 
patient had monoclonal immunoglobulin deposits {IgG3 kappa) . In six cases 
the glomerular deposits were analyzed for light chains. In three the 
deposits contained kappa only, and three consisted of both kappa and 
lambda. In two cases the immune aggregates were confined to the 
mesangium, and in the remaining eight cases, the deposits were present in 
the mesangium and the glomerular basement membranes. Electron-dense 
deposits composed of microtubules were present in the same distribution 
within the glomerulus as the immune reactants . The microtubules had a 
uniform diameter in each biopsy, but they varied in size from case to 
case. They were approximately the same size in eight cases (mean, 22.3 
± 3 [SD] run). Three cases had much larger microtubules: 34.2 
nm, 35.4 nm, and 48.9 nm in diameter. 

Although the 22.3-run microtubules resembled amyloid in their 
appearance, glomerular distribution and random orientation in the tissue, 
they were more than twice the diameter of amyloid (8.9 nm) , and 
Congo red and thioflavin T stains for amyloid were 

negative. Similar microtubular structures have been described in patients 
with cryoglobulinemia, SLE and paraproteinemia, but these diseases were 
excluded in our patients on clinical, serologic and in some case 
histologic grounds. More important, none of our patients had clinical or 
histochemical evidence of amyloidosis, an entity which may be confused 



with immunotactoid glomerulopathy on a morphologic basis. Follow-up, from 
22 to 94 months (mean, 52.6) was obtained in all 11 patients, and 2 
clinical courses were noted. Six patients had progressive deterioration 
of renal f\anction, with five requiring dialysis. This group had severe 
hypertension (4/6) and nephrotic -range proteinuria (5/6) at some point in 
their course. The remaining five patients with stable renal function had 
proteinuria of less than 2.0 g/24 hr in most cases (4/5), and none had 
severe hypertension. This dichotomy correlated with the distribution of 
immunotactoids . The patients with progressive renal insufficiency had 
extensive deposits involving both the mesangium and glomerular capillary 
walls. In contrast, the patients with less widely distributed deposits 
appeared to have a more stable course. Immunotactoid glomerulopathy 
represents a syndrome with characteristic morphologic and 
ultrastructural features . The immunotactoid microtubules are 
heterogeneous in size and immunoglobulin composition. Although the 
pathogenesis of this lesion is not known, the immunotactoids appear to 
• represent immune reactants with a degree of ultrastructural organization 
which is greater than that of the various organized cryoglobulins but less 
than the highly structured beta-pleated sheet of amyloid. It is hoped 
that increased awareness of immunotactoids and further characterization of 
their ultrastructural composition will shed light on this newly described 
entity. 
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with immunotactoid glomerulopathy on a morphologic basis. Follow-up, from 
22 to 94 months (mean, 52.6) was obtained in all 11 patients, and 2 
clinical courses were noted. Six patients had progressive deterioration 
of renal function, with five requiring dialysis. This group had severe 
hypertension (4/6) and nephrotic-range proteinuria (5/6) at some point in 
their course. The remaining five patients with stable renal function had 
proteinuria of less than 2.0 g/24 hr in most cases (4/5), and none had 
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represents a syndrome with characteristic morphologic and 
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pathogenesis of this lesion is not known, the immunotactoids appear to 
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than the highly structured beta -pleated sheet of amyloid. It is hoped 
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AB We have used the yeast two-hybrid system to isolate cDNAs encoding 

proteins that specifically interact with the 42 -aa beta-amyloid peptide 
(Abeta) , a major constituent of senile plaques in Alzheimer's disease. 
The carboxy terminus of alpha2-macroglobulin (alpha2M) , a proteinase 
inhibitor released in response to inflammatory stimuli, was identified as 
a strong and specific interactor of Abeta, utilizing this system. Direct 
evidence for this interaction was obtained by co-immunoprecipitation of 
alpha2M with Abeta from the yeast cell, and by formation of SDS-resistant 
Abeta complexes in polyacrylamide gels by using synthetic Abeta 
and purified alpha2iyi. The association of Abeta with alpha2M and various 
purified amyloid binding proteins was assessed by employing a method 
measuring protein-protein interactions in liquid phase. The dissociation 
constant by this technique for the alpha2M-Abeta association using labeled 
purified proteins was measured (Kd = 350 nM) . Electron 
microscopy showed that a 1:8 ratio of alpha2M to Abeta prevented fibril 
formation in solution; the same ratio to Abeta of another acute phase 
protein, alphal-antichymotrypsin, was not active in preventing fibril 
formation in vitro. These results were corroborated by data obtained from 
an in vitro aggregation assay employing Thioflavine T. The 
interaction of alpha2M with Abeta suggests new pathway(s) for the 
clearance of the soluble amyloid peptide. 
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AB We present 11 patients with immunotactoid glomerulopathy, a new 
syndrome characterized clinically by proteinuria (11/11) , 
microscopic hematuria (9/11) and hypertension (9/11) . The patients 
consisted of six females and five males, aged 25 to 59 years (mean, 44.6), 
Proteinuria was the presenting feature and the reason for renal biopsy in 
all patients. The diagnosis of immunotactoid glomerulopathy was 
established at renal biopsy by the presence of glomerular extracellular 
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AB We present 11 patients with immunotactoid glomerulopathy, a new 
syndrome characterized clinically by proteinuria (11/11) , 
microscopic hematuria (9/11) and hypertension (9/11) . The patients 
consisted of six females and five males, aged 25 to 59 years (mean, 44.6). 
Proteinuria was the presenting feature and the reason for renal biopsy in 
all patients. The diagnosis of immunotactoid glomerulopathy was 
established at renal biopsy by the presence of glomerular extracellular 



microtijbules composed of immune reactants. All the biopsies studied by 
immunofluorescence (10 cases) had glomerular deposits of IgG and C3 . In 
three biopsies studied with IgG subclass specific antisera, only one 
patient had monoclonal immunoglobulin deposits {IgG3 kappa) . In six cases 
the glomerular deposits were analyzed for light chains. In three the 
deposits contained kappa only, and three consisted of both kappa and 
lambda. In two cases the immune aggregates were confined to the 
mesangium, and in the remaining eight cases, the deposits were present in 
the mesangium and the glomerular basement membranes. Electron-dense 
deposits composed of microtubules were present in the same distribution 
within the glomerulus as the immune reactants. The microtubules had a 
uniform diameter in each biopsy, but they varied in size from case to 
case. They were approximately the same size in eight cases (mean, 22.3 
+/- 3 [SD] nm) . Three cases had much larger microtubules: 34.2 
nni/ 35.4 run, and 48.9 nm in diameter. 

Although the 22.3-niii microtubules resembled amyloid in their 
appearance, glomerular distribution and random orientation in the tissue, 
they were more than twice the diameter of amyloid (8.9 nm) , and 
Congo red and thioflavin T stains for amyloid were 

negative. Similar microtubular structures have been described in patients 
with cryoglobulinemia, SLE and paraproteinemia, but these diseases were 
excluded in our patients on clinical, serologic and in some cases 
histologic grounds. More important, none of our patients had clinical or 
histochemical evidence of amyloidosis, an entity which may be confused 
with immunotactoid glomerulopathy on a morphologic basis. Follow-up, from 
22 to 94 months (mean, 52.6) was obtained in all 11 patients, and 2 
clinical courses were noted. Six patients had progressive deterioration 
of renal function, with five requiring dialysis. This group had severe 
hypertension (4/6) and nephrotic -range proteinuria (5/6) at some point in 
their course. The remaining five patients with stable renal function had 
proteinuria of less than 2.0 g/24 hr in most cases (4/5), and none had 
severe hypertension. This dichotomy correlated with the distribution of 
immunotactoids . (ABSTRACT TRUNCATED AT 400 WORDS) 
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